Introduction: Until newer, rapid, economical tools are introduced for diagnosis of Pulmonary Tuberculosis in resource limited settings, optimization of sputum smear examination for increasing case detection remains of utmost priority. The aim of the study was to detect presumptive TB patients using Front Loading sputum microscopy and compare it with Standard method. Methods: Three sputum specimens (Spot 1-on spot at the time of first visit, Spot 2-one hour after Spot 1 and early morning-next day early morning sample) from 552 TB suspect cases were collected. Zeihl Neelsen staining (spot 1, spot 2 and early morning respectively) and microscopy by Front Loading (spot 1, spot 2) and Standard method (spot 1, early morning) of sputum microscopy were done. Results: Culture on LJ media being the gold standard, the sensitivity and specificity of the Front Loading and the Standard method of sputum microscopy were 68.65%, 94.43% and 70.14%, 93.6% respectively . The difference between two methods was not statistically significant. 91.1% patients gave preference for same day sampling process. Conclusion: The sensitivity and specificity of sputum microscopy using an early morning sample followed by another sputum one hour later from the same day appears not to be inferior to using two early morning samples on subsequent days. The Front Loading sputum microscopy can be implemented in DOTS clinic on the day of first visit of patients to health care center to increase compliance of patients with diagnostic procedure and decrease drop-outs.
Introduction
Tuberculosis (TB) is an immense public health problem that causes ill health among millions of people every year. Although TB had been recognized since ancient times, it still remains a top infectious disease killer in present scenario globally. Worldwide, 9.6 million people are estimated to have fallen ill with TB in 2014 comprising of 5.4 million men, 3.2 million women and 1.0 million children. In 2014, TB killed 1.5 million people, the toll comprised 890 0 0 0 men, 480 0 0 0 women and 140 0 0 0 children [1] . Of all the countries that report their TB statistics to WHO, there are 22 countries, including India, that are referred to as the TB "high burden" countries; and they have been prioritized at a global level since 20 0 0. They accounted for 82% of all estimated cases of TB world-wide in 2014 [2] . According to the WHO statistics for 2014, the estimated incidence of TB in India is 2.2 million cases which accounts for approximately 1/5th of global incidence [3] . In addition at least 2.7 lakh (270,0 0 0) Indians die of TB every year [4] . It is estimated that about 40% of the Indian population is infected with TB with an estimate of approximately 794,046 sputum smear-positive cases reporting to RNTCP in 2014 and an overall treatment success rate for new TB patients and retreatment patients success rate being 88% and 70% respectively [3] . Despite the low multi-drug resistance (MDR-TB) prevalence in India (2.2% among new cases and 15% among retreatment cases), the absolute number of cases happens to be a huge figure due to the size of the population and number of TB cases reporting annually,. Thus, India ranks first among the 27 MDR-TB high-burden countries worldwide, contributing to 21% of all MDR-TB cases estimated among notified cases [5] .
To overcome the burden of this disease, India is implementing WHO endorsed Directly Observed Treatment Short course (DOTS) strategy under a national program-Revised National Tuberculosis Control Programme (RNTCP). RNTCP is the world's largest DOTS program achieving global targets of case finding and treatment success rates [1] . Although new technologies are under development, microscopic examination of clinical sputum specimens has been the main stay of TB case detection for over 100 years and is likely to remain the primary tool for the laboratory diagnosis of TB in resource poor countries for the foreseeable future. Microscopy is rapid, fairly inexpensive, and less labor intensive than other technologies. In addition, in the case of TB, a positive smear is indicative of a high risk of transmitting infection to others [6] .
As per the RNTCP guidelines, presumptive TB patients are required to submit two sputum samples, i.e. one on the spot at the time of first visit and second specimen collected at home next day morning and brought to the laboratory [7] . This requires at least 2 visits for sample submission and subsequent visit for report collection. Due to repeated visits and the economic constraint involved in it, the patient often abandons the diagnostic procedure, the defaulting patients contributing to spreading the disease in the community. The WHO has recently indicated that "same-day diagnosis" or the "front-loading" method of specimen collection should be done according to a phased implementation plan with due consideration given to training, human resources, laboratory work-load, infection control, and monitoring issues. According to this scheme, the presumptive TB patients are required to submit two sputum samples on first day of visit one hour apart [8, 9] . It reduces number of visits of patient and helps in preventing drop-outs.
In our study we aim to assess the accuracy of Front Loading sputum microscopy in case detection of presumptive TB patients. In view of the increase in TB cases, higher morbidity probably because of the high drop-outs and studies revealing an increased yield of acid fast bacilli (AFB) on serial sputum smear examination on same day, this study was designed to assess the feasibility of 2 serial sputum smear examination on the same day and compare the results with Standard method of sputum microscopy and gold standard Mycobacterium tuberculosis culture for diagnosis of presumptive TB patients.
Materials and methods
A Cross-sectional Study was carried out at the Departments of Microbiology and Medicine, University College of Medical Sciences and Guru Teg Bahadur Hospital, Delhi. Five hundred and fifty two (552) suspected cases of pulmonary TB (new cases) that came to Medicine OPD/Chest clinic/wards/DOTS Clinic in Guru Teg Bahadur Hospital, Delhi were enrolled.
Patients of age 14 years and above with history of cough for 2 weeks or more were included in the study. Patients with past history of TB or past history of intake of anti-tubercular drugs for more than one month or history of chronic diseases like Diabetes Mellitus, Hypertension were excluded from the study.
Ethical approval for the study was received from the Institutional Ethical Committee-Human Research.
Informed consent was taken from all the cases. In a standardized form, patients' demographics, preference of patients for sputum sample submission on same day and any other relevant clinical history and information were collected.
Three sputum specimens from each patient were collected. The patient was provided with sterile, leak proof, disposable and appropriately labeled sputum container and was asked to provide sputum specimen. He/she was asked to take 2-3 deep breaths followed by deep cough in order to produce a good quantity of sputum, 2 ml-5 ml in volume. [10] As per the Front Loading sputum microscopy, the patient provided one sputum specimen at the time of first visit (Spot 1) and another sputum specimen on the same day one hour later (Spot 2). [11] As per the RNTCP guidelines of Standard method of sputum microscopy, in addition to Spot 1, the patient was asked to collect another sputum specimen the next day morning at home and bring it to the laboratory (early morning). Hence, a total of 1656 sputum specimens were collected from 552 patients.
Specimens were transported to the laboratory as soon as possible after collection. If delay was unavoidable, the specimens were refrigerated at 4 °C to inhibit the growth of unwanted microorganisms. [12] Biosafety cabinet II B2 was used for handling all the specimens and cultures. Personal protective measures like N95 mask, protective gowns, rubber gloves and disposable caps were used.
AFB microscopy by front loading and RNTCP conventional methods:- [10] Using the jagged ends of a broken stick the larger, yellow, purulent portion of the sputum sample was picked and smear were prepared from spot 1, spot 2 and early morning sample respectively for each patient and stained with Ziehl Neelsen staining (ZN) technique to be examined under oil immersion (100x) for presence of AFB. Smears were examined on a daily basis. Smear from spot 1 and spot 2 samples were examined under the Front Loading sputum microscopy and smear from spot 1 and early morning samples were examined under the Standard method of sputum microscopy. Smears were graded and reported according to the recommended way of interpretation by RNTCP [7] .
Tubercle bacilli appeared as red, long, slender, slightly curved rods with pointed ends and beaded appearance. The bacilli were arranged singly, in pairs, or in clumps and they stood out clearly against a blue background under 100x oil immersion. RNTCP guidelines require 300 fields to be read before a smear is reported negative, which took about 15 min [10] .
The slides of sputum smear were provided separate study number and routine laboratory numbers, which were covered by plane stickers. The slides were mixed before examination. This process helped in blinding during reporting of sputum smears.
The three sputum specimens of each patient were homogenized and decontaminated separately by the NALC -4% NaOH method [12] . 4% NaOH and Trisodium citrate solution was prepared, autoclaved and stored in refrigerator. 0.5% NALC was added just before processing of samples. Equal volumes of sputum specimen and NALC-4% NaOH were processed as per the standard protocol. After processing with NALC-NaOH solution, Phosphate Buffer Saline (PBS) was added to neutralize the action of alkaline NaOH.
For each patient, from 50 μl resuspended sediment of processed Spot 1, Spot 2 and early morning samples, three slopes of Lownstein Jensen (LJ) medium were inoculated. The McCartney bottles containing inoculated LJ media were labeled as A, B and C respectively. The bottles were incubated in slanted position at 37 °C with screw cap slightly loosened for 24 h to ensure even distribution of inoculum on the slope and evaporation of any water of condensation in the bottles. Thereafter, caps of bottles were tightened to prevent drying out of media and were further incubated at 37 °C in upright position. The growths in both LJ media were examined 48-72 h after inoculation to detect gross contaminants. Thereafter cultures were examined weekly for appearance of macroscopic colonies. After 8 weeks of incubation, LJ media slants showing no growth were reported as negative.
Preliminary identification from macroscopic examination of mycobacterial isolates on LJ media was done depending on the organism's rate of growth, colonial morphology, colonial texture and pigmentation. For microscopic identification, smears were prepared from suspected colonies of M. tuberculosis on LJ media, stained by ZN staining technique and examined for AFB. After the preliminary identification, growth of M. tuberculosis was identified by Paranitrobenzoic acid (PNB) and Niacin test. For PNB test, the bacterial colonies were emulsified with 1 ml sterile distilled water and one loopful of suspension was inoculated on LJ media containing PNB. If no growth was found in the media, the test culture was reported as M. tuberculosis . If growth was found in the media, the test culture was reported as NTM.
For Niacin test, sterile distilled water was added to culture bottle containing growth and kept horizontally for 20-30 min for extraction of niacin from the media which was examined by yellow color formation with addition of aniline in ethanol and cyanogen bromide.
According to RNTCP case definitions, the total number of smear positive and smear negative presumptive TB patients were diagnosed [13] .
Contaminated cultures which showed growth other than M. tuberculosis and Non-tubercular mycobacteria (NTM) were discarded in 1% sodium hypochlorite and were not included in the analysis.
Statistical analysis:-McNemar Test was used to calculate p -value to compare sensitivity and specificity of Standard method of sputum microscopy and Front Loading method of sputum microscopy taking culture as gold standard. If p -value < = 0.05 the difference was significant and if p -value > = 0.05 the difference was not significant.
Results

Patient profile
Out of 552 participants in the study, 297 (53.8%) were males and 255 (46.2%) were females. The age and sex distribution of the enrolled patients is given in Fig. 1 The preference of patients for submission of sputum specimens on the same day which was recorded in case record forms showed that 503 (91.1%) of the patients had preference for this sampling process. 
Smears
Out of the 552 smears, 70 (12.7%), 66 (12%) and 76 (13.8%) of smears from spot 1, spot 2 and early morning were AFB positive while 4 82 (87.3%), 4 86 (88%) and 476 (86.2%) of smears from spot 1, spot 2 and early morning were AFB negative ( Table 1 ) . Whereas in 63 patients both smear from spot 1 and spot 2 were positive, 7 and 3 patients were positive in smear from spot 1 and spot 2 only respectively by Front Loading sputum microscopy. Smear positivity was 0.7% more in spot 1 in comparison with spot 2. While 68 patients had both spot 1 and early morning smear positive by Standard method of sputum microscopy, 2 and 8 patients had only spot 1 and early morning smear positive respectively. The difference in smear positivity between spot 1 and early morning was 1.1%. The difference in smear positivity between spot 2 and early morning was 1.8%. Considering one or both smear from spot 1 and spot 2 as AFB positive, 73 (13.2%) patients were detected as presumptive TB patients by Front Loading sputum microscopy method. Considering one or both smear from spot 1 and early morning as AFB positive, 78 (13.2%) patients were detected as presumptive TB patients by Standard method of sputum microscopy. The difference between the two methods was not statistically significant ( p value = 0.063) ( Table 2 ). Five patients of presumptive TB who were missed by Front Loading sputum microscopy, were detected by Standard method of sputum microscopy ( Fig. 2 ) . In 62 (79.5%) patients all the 3 sputum smears were AFB positive. In 10 (12.8%) Table 1 Sputum smear positivity per patient. patients 2 sputum smears were positive. There were 6 (7.7%) patients in which either spot 1, spot 2 or early morning smear was only positive. These 6 patients with 1 sputum smear positive for AFB, had radiographic findings consistent with active pulmonary TB. Out of the 552 patients enrolled for our study, 78 (14.1%) were detected as smear positive presumptive TB patients and remaining 474 (85.9%) were smear negative presumptive TB patients.
Grading of 1656 sputum smears showed that the majority of Out of the 67 patients diagnosed by isolation of M.tuberculosis on LJ media in 10 (14.9%) patients isolation was seen in all the three specimens, in 24 (35.8%) patients isolation was seen from two specimens and in 33 (49.3%) patients isolation of M.tuberculosis was seen from only one specimen. 12(17.9%) of the isolates were from spot 1, 7 (10.5%) from spot 2 and 14 (20.9%) from early morning specimen ( Table 4 ). Out of the 1656 samples cultured on LJ media a total of 111 M.tuberculosis culture isolates were observed, out of which 37 (33.3%), 34 (30.6%) and 40 (36%) were from spot 1, spot 2 and early morning specimen respectively ( Table 4 ).
Strategies
Isolation of M.tuberculosis on LJ media being the gold standard, the sensitivity, specificity, positive predictive value and negative predictive value of the Front Loading sputum microscopy was 68.65%, 94.43%, 63.01% and 95.61% respectively and that of Standard method of sputum microscopy was 70.14%, 93.6%, 60.25% and 95.78% respectively. The differences in the sensitivity and specificity of the two sputum microscopy methods were not statistically significant (P = 0.161 and P = 0.471 respectively) ( Table 5 ). Standard method of sputum microscopy could identify 1 additional case of culture positive pulmonary TB ( Table 5 ). The comparison of grading of positive smears by the two methods with isolation and turn around time is shown in Table 6 and Fig. 3 .
Out of 479 patients reported negative by Front Loading sputum microscopy, 21/479 (4.4%) were diagnosed as culture positive cases of pulmonary TB and out of 474 patients reported negative by Standard method of sputum microscopy, 20/474 (4.2%) were pulmonary TB cases by isolation of M.tuberculosis on LJ media. Out of the 552 patients participating in our study, M.tuberculosis was not 
Discussion
WHO and RNTCP insist sputum smear microscopy for diagnosing presumptive TB patients, initiating anti-tubercular drugs and monitoring disease progress in these patients, in developing countries with high prevalence of the disease like India. Although the sensitivity of AFB microscopy is reported to be low and varying from 20% to 80%, various steps to optimize this diagnostic method can increase its sensitivity [14] . To decrease the drop-out rate in presumptive TB patient diagnosis, the recently considered "sameday diagnosis" or the "front-loading method" for collection of sam- ples from patients completes the process of sample collection and reporting of AFB microscopy on the same day reducing the loss of time and income of the patients thus helping them to complete the diagnostic procedure and start treatment [9] . There is an urgent need to evaluate this new method and compare it with the standard method of RNTCP before this method can be implemented in laboratories routinely nationwide.
In our study 503 (91.1%) patients had preference for same day sampling process which was comparable with the study by Myneedu et al. in which 93.03% of patients preferred the new method of sample collection [11] . But in a study conducted in Chhattisgarh patient drop-out during diagnostic process was higher with same-day approach [15] . In our study, 8.9% of the patients did not prefer to wait for 1 h for submission of 2nd specimen due to inconvenience involved in waiting in overcrowded patient unfriendly health facilities and possible nosocomial exposure.
In our study 12.7%, 12% and 13.8% of smears from spot 1, spot 2 and early morning specimen were AFB positive, similar to findings by Myneedu et al. where the smear positivity of first, second and third sputum samples were 12.72%, 11.8% and 18.48% respectively [11] . The overall smear positivity rate in our study was 14.1% when compared to 16% and 18.48% smear positivity reported by Harrries et al. and Myneedu et al. respectively [11, 16] .
Maximum smear positivity was seen in smear from early morning specimen (13.8%) and least in spot 2 specimen in our study. An incremental increase in the smear positivity in the third smear has been reported to range from 0% to 11% depending on various variables such as study design, study population, processing of samples and staining method used [14] . In a systematic review Mase et al. quantified the diagnostic yield of each of the three sputum specimens and reported an incremental yield of third specimen as 3.1% when the first two specimens were negative, similar to Rieder et al. who reported increase in percentage in diagnosing presumptive TB patients from third specimen from 0.7% to 7.2% in 42 laboratories of four high-burden countries [17, 18] . Unlike our findings, a study reported the incremental yield in positivity of second speci-men as 4% compared to 20% in the third specimen [15] . Poor quality of sputum submitted by the patient at the spot may be the reason for failure of spot 2 specimen to show an increase in AFB positivity over spot 1 and early morning specimen.
In concordance with our findings several studies have shown higher positivity by Standard method of sputum microscopy than Front Loading method, but the difference in positivity not being statistically significant [11, 15, 19] . Majority of the sputum smear positive patients could be identified by the Front Loading sputum microscopy in our study which suggests that under routine conditions the incremental yield from a morning sample smear is relatively small, hence, examination of smears of two sputum specimens collected on the same day of first visit of patients to health care centers could be the basis for detection of presumptive TB patients in low-income, high prevalence countries like India. The cases missed by Front Loading sputum microscopy were paucibacillary cases and less than other reports [17] . The most probable reason for missing such cases could be the poor quality and quantity of the spot sputum specimens or the intermittent shedding of bacilli during the day. Similar to our findings other studies have reported higher bacillary load in morning specimen [20, 21] . Since the mucociliary clearance is lower during the night, sputum gradually accumulates in the airways thus yielding better quality of sputum in the morning [22] . The slight increase in sensitivity and grading of AFB microscopy gained under the Standard method of sputum microscopy is outweighed by limitations of delay in reporting and repeated health center visits leading to drop-outs. The probable reason behind this could be the intermittent shedding of bacilli in the day when patients are active or poor quality of sputum submitted by patient on the spot.
The average isolation rate on LJ media has ranged from 6.8% to 34.74% [23] [24] [25] [26] . This depends on various factors like bacillary load, decontamination process used, time of contact with decontaminants, centrifugal force and heat produced during centrifugation during processing of specimen, nature of LJ media (its homogeneity, pH, concentration of Malachite green), temperature of incubation of LJ slants [12] . The low positivity rate due to decontamination process by 4% NaOH could be a possibility in our study.
The turn around time of M. tuberculosis culture on LJ media has ranged from 2 weeks to 8 weeks in various studies similar to ours [24, [27] [28] [29] [30] . The difference in sensitivity and specificity of the two methods of microscopy was not statistically significant in our study similar to others where sensitivity and specificity ranged from 63.6-91% & 86.2-97.4% for Front Loading and 64.8-91% & 91.7-97.8% for Standard method of sputum microscopy [11, 19, 31] . Culture positivity among AFB positive & negative cases by Front Loading microscopy was 63.01 and 4.4% whereas the same among AFB positive & negative cases by Standard method was 60.3 and 4.2% respectively. The increase in culture positivity and decrease in turn around correlated with higher AFB grading by both methods of sputum microscopy as evidenced in other studies too [30] . A study in Malawi has reported 15% of smear-positive cases dropping out of the diagnostic pathway between submitting specimens and being offered treatment [16] . In another study conducted in Uganda, the number of participants who failed to return with an early morning sample was high 301/2418 (12.4%) [31] . The new method has potential to reduce drop-out rates of patients, but the decision to adopt this needs to consider the greater bacillary yield of the morning sample, the potential burden on laboratory technicians, and the potential inconvenience and nosocomial exposure involved in having the patient wait at the health care facility. A limitation in our study was the paucity of clinically relevant data that could have been elicited from the patients to provide a better patient profile in the study. Several newer, recommended diagnostic techniques like Line Probe assay, CB-NAAT are being increasingly available for better results in less turn-around time, though universal easy access to these is yet not there. Hence optimization in sputum microscopy remains the key to improving the diagnosis in such settings. In the recent times WHO has intended to implement the Front Loading sputum microscopy method in laboratories in a phased manner keeping in view few issues pertaining to training, human resources, laboratory work load, infection control and quality control [8, 9] .
Conclusion
Until newer, rapid and economical tools are introduced for diagnosis of pulmonary TB in resource limited settings, sputum smear examination remains the frontline method; hence optimization of this method for increasing its rate of pulmonary TB cases detection and reducing drop-out rate of patients from the diagnostic procedure is highly important. The sensitivity and specificity of sputum microscopy using an early morning sample followed by another sputum one hour later from the same day appears not to be inferior to using two early morning samples on subsequent days. The Front Loading sputum microscopy should be implemented in RNTCP laboratories to complete sample collection from patients on the day of first visit to health care centre thus increasing compliance and decreasing drop-outs. Proper implementation of DOTS Programme and strict adherence to treatment in new diagnosed pulmonary TB patients should be the foremost step to prevent MDR-TB.
